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Description 

Magnetizing Method and Permanent 
Magnet Magnetized Thereby 

Background of Invention 
Field of the Invention 

[0001] The present invention relates to a magnetizing method, a 
permanent magnet magnetized by the method, and a mo- 
tor equipped with the permanent magnet. Particularly, the 
present invention relates to a permanent magnet suitable 
for a rotor magnet of a spindle motor obtained by multi- 
pole magnetization and a magnetizing method thereof. 
Background Art 

[0002] a magnetization waveform of a permanent magnet for 
driving a motor largely affects conversion efficiency of 
torque, vibration, and energy of the motor, or the like. It 
is well-known that by making the magnetization wave- 
form into a ideal sine waveform, the property can be im- 
proved. 



[0003] Therefore, improvements in the magnetization waveform, 
heretofore, have been performed by contriving a shape of 
a yoke in a magnetizing device. Nevertheless, remaining 
high-order harmonic components in the magnetization 
waveform cannot be avoided. 

[0004] Furthermore, with regard to a permanent magnet, its sur- 
face is easy to corrode, so that plating or coating is ap- 
plied for the purpose of surface protection. For example, a 
technique of applying corrosion-resisting plating on a 
surface of a rare earth-B-Fe based permanent magnet or 
the like has been employed. 

[0005] These plating and coating are intended solely to improve 
corrosion resistance. For the plating material, a ferromag- 
netic material such as Ni has normally been used in order 
not to impair the function of the permanent magnet. 

[0006] However, the coating applied to the permanent magnet 
has not contributed to the improvement in the magneti- 
zation waveform. 
Summary of Invention 

[0007] a first object of the present invention is to provide a mag- 
netizing method which makes it easy to adjust a magneti- 
zation waveform. 

[0008] a second object of the present invention is to provide a 



magnetizing method which makes it easy to adjust mag- 
netization conditions and enables a more appropriate 
magnetization waveform to be obtained. 

[0009] a third object of the present invention is to provide a 

high-performance motor using a permanent magnet ob- 
tained by achieving the first and the second objects. 

[0010] According to the present invention, a conductive attenua- 
tion body is arranged close to at least a part of surface of 
a material to be magnetized. The material is a substance 
having a far lower conductivity than that of the attenua- 
tion body. Furthermore, the change in magnetic field dur- 
ing magnetization is a so-called pulse, that is, magnetic 
flux thereof is rapidly intesified for a sufficiently short pe- 
riod of time and then rapidly weakened. 

[0011] The magnetization flux is impressed in form of penetrat- 
ing the attenuation body. With the rapid change in the 
magnetization flux over time, in the conductive attenua- 
tion body, an eddy current is generated in a direction can- 
celing the magnetization flux and thus the magnetization 
field weakens. The magnetization waveform can be ad- 
justed by adjusting a thickness, an arrangement shape or 
expanse of the attenuation body. 

[0012] it j S m ore preferable that this attenuation body is made of 



a substance of feeble magnetism. The substance of feeble 
magnetism is a substance exhibiting paramagnetism or 
diamagnetism. In the case where this attenuation body is 
made of a ferromagnetic substance, the attenuation body 
itself entails spontaneous magnetization. However, the at- 
tenuation body made of the substance of feeble mag- 
netism hardly causes the spontaneous magnetization dur- 
ing magnetization, which makes it easy to adjust a mag- 
netization pattern. 
[0013] it j S preferable that this material to be magnetized has a 
platy shape or a cylindrical shape, and that the magneti- 
zation is performed in a thickness direction thereof. For 
example, the shape includes aflat plate shape, roof tile 
shape (parallel surface shape with curved surfaces), shape 
of slit cylindrical wall, shape of side wall of cylinder, and 
shape of side wall surface of polygonal column. In this 
case, the attenuation body is arranged close to at least 
one of the surfaces defining this thickness along the ma- 
terial. A surface resistance Rs of the attenuation body sat- 
isfies the formula 

3.0 x 10 s < Rs < 1.0 x 10 2 [Q/sq.] (1). | 

In particular, by adjusting the surface resistance of the at- 
tenuation body so as to fall within the range of these val- 



ues, there is obtained a range in which an induction cur- 
rent generated by the magnetization field can be con- 
trolled. 

[0014] if the change in magnetization field is not rapid with re- 
spect to time, the eddy current is not generated in the at- 
tenuation body during magnetization. Accordingly, the 
magnetizing device is a device generating a pulse mag- 
netic field. The pulse magnetizing device comprises a ca- 
pacitor, a power source for charging the capacitor, a mag- 
netizing coil connected to the capacitor, and a magnetiz- 
ing yoke around which the magnetizing coil is wound. 
This magnetic yoke forms a part of magnetic circuit and 
has an opening surface in an extending direction of the 
magnetic circuit. The material to be magnetized is contra- 
posed to the opening surface of the magnetic circuit of 
the magnetic yoke to form the closed magnetic circuit. 
The capacitor is beforehand charged by the power source, 
and then rapidly discharged in the state that this closed 
magnetic circuit is formed to rapidly pass a current 
through the coil. By passing the current through the coil, a 
magnetic field is generated in the magnetic yoke, mag- 
netic flux passes through the closed magnetic circuit. In 
this way, the material is magnetized. Use of this magne- 



tizing method allows a permanent magnet to be formed 
with a relatively low-cost structure. The magnetization 
may be performed for each magnetic pole, or may be per- 
formed for a plurality of magnetic poles simultaneously. 
[0015] Furthermore, it is more preferable to adjust a time At from 
the start of discharging the pulse current until the current 
value reaches the maximum so as to satisfy the formula 

2.0 x 10 s < At < 5.0 x 10 3 [sec] (2). 

When At is larger than this range, the induction current 
induced by the attenuation body is weak, and thus an ef- 
fect of correcting the magnetization field is weak. In addi- 
tion, since power consumption becomes large, a heat re- 
lease value of the coil becomes large. In contrast, when At 
is smaller than this range, the magnetic field is cancelled 
by the induction current. In order to avoid this situation, 
the magnetizing current needs to be increased and thus 
the heat release value of the coil is increased. However, 
when the above-mentioned drawback does not cause 
trouble, the magnetizing method of the present invention 
can be carried out even if At is outside of this range. 
[0016] The material to be magnetized may be a Nd-Fe-B based 
bond magnet. The bond magnet is easy to be formed into 
various shapes. The magnetization waveform can be 



changed by the shape of the material, and thus it be- 
comes easier to improve the magnetization waveform. 

[0017] The material may have a cylindrical shape, and may have 
the attenuation body arranged in any one of an inner cir- 
cumferential surface and an outer circumferential surface 
thereof. At this time, it is preferable that the shape of the 
attenuation body is circular shaped to cover the inner cir- 
cumferential surface or the outer circumferential surface 
all around. This can improve the magnetization waveform 
at the time of multipole magnetization. Furthermore, the 
cylindrical material is preferable in shape as a field mag- 
net of rotating equipment such as electric motor. 

[0018] Although the magnetization waveform is ideally a perfect 
sine wave without harmonics, there is generated the har- 
monics that distort the waveform. A diameter of any one 
to be magnetized, out of the inner circumferential surface 
and the outer circumferential surface of the cylindrical 
material, is defined as R, and in the case where the mag- 
netization is performed with respect to both of the inner 
and the outer circumferential surfaces, a diameter of the 
outer circumferential surface is defined as R. Furthermore, 
if the number of the magnetized poles is defined as P, and 
an axial height perpendicular to a radial direction of the 



cylindrical shape is defined as h, h is set so as to satisfy 
the formula 

h < 7tR/P [mm] (3). 

Under this condition, the harmonic components of the 
magnetization waveform are suppressed. 
[0019] The operation is described hereinafter. In the case where 
radial pulse magnetization is applied to the cylindrical 
material, an eddy current is induced in the attenuation 
body arranged on the magnetization surface of the mate- 
rial in a direction canceling the magnetization field. The 
distribution of this eddy induction current depends on the 
intensity of the magnetization field. There is a difference 
in easiness of current flow between the eddy current aris- 
ing from the fundamental wave component of the magne- 
tization field and the eddy current arising from the har- 
monic component. In particular, in the case where the 
cylindrical material is short in the axial length and is flat, 
the eddy current arising from the harmonic component 
flows more easily. Accordingly, the harmonic component 
of the magnetization field is weakened by the eddy induc- 
tion current. 

[0020] Specifically, the foregoing is as shown in Fig. 5. Fig. 5A 
shows a cylindrical permanent magnet subjected to four- 



pole magnetization. In this figure, it is premised that the 
attenuation body is arranged in the outer circumferential 
surface of the material. Reference character L in the figure 
is equivalent to a wavelength of the fundamental wave and 
is given by dividing a circumferential length by the num- 
ber of the poles (L =ttR/P). Reference character h is the 
axial length of the cylindrical material. 

[0021] pig. 5B is a view taking out the attenuation body arranged 
on the surface of the material to be magnetized by L and 
developing it, in which the induction current is illustrated 
by ellipses with arrows. Furthermore, reference character 
w denotes a half length of the wavelength of the magnetic 
filed to be impressed. In Fig. 5B, w and L are identical and 
w is longer than h. The induction current, therefore, is 
subject to a restriction of the surface shape and the in- 
duction current becomes smaller for magnetic flux den- 
sity. Accordingly, the induction current does not remark- 
ably arise and the fundamental wave component of the 
magnetization waveform is cancelled a little. 

[0022] on the other hand, Fig. 5C illustrates a third-order har- 
monic component in the surface of the attenuation body. 
In this case, w is one-third of L. If w and h are set to be 
almost the same in length under the condition of h < L, 



symmetry of the electric conductor as viewed from the 
center of the magnetic flux is high and the intensity of the 
induction current with respect to the magnetic flux den- 
sity increases. Accordingly, the third-order harmonic 
component of the magnetization waveform is cancelled by 
the induction current generated in the attenuation body. 
The harmonic component, therefore, is actually attenu- 
ated. 

[0023] Furthermore, Fig. 5D shows a fifth-order harmonic com- 
ponent in the surface of the attenuation body. In this fig- 
ure, h is larger than w. In this state, since the induction 
current is subject to the restriction of the shape of the 
electric conductor part, the intensity of the induction cur- 
rent with respect to the magnetic flux density decreases. 
The fifth-order harmonic component which is a higher 
harmonic component, therefore, is hardly attenuated by 
the induction current and thus remains as the magnetiza- 
tion waveform. 

[0024] Considering all the above description together, with re- 
gard to the third-order harmonic component in which the 
wavelength of the component and the axial height h are 
almost identical, the magnetization field is weakened by 
the induction current generated in the attenuation body, 



while the induction current is less generated in the atten- 
uation body by magnetization waveform of the fundamen- 
tal wave component of the magnetization field, and thus 
the magnetization is performed with the fundamental 
waveform of the magnetization field with less harmonics. 
Furthermore, such an extremely short wavelength compo- 
nent as the fifth-order harmonic component remains 
without attenuating. However, shortening h with respect 
to the wavelength can attenuate higher harmonic compo- 
nents. For example, respective wavelength components of 
the magnetizing device may be measured in advance, and 
h may be designed so as to be almost the same as the 
wavelength w of a harmonic component desired to atten- 
uate. Alternatively, by presetting h and setting the number 
of poles P, appropriate w can be set. 
[0025] | n terms of the foregoing, with respect to the wavelength 
L of the fundamental waveform of the magnetization 
waveform, an effective range can be determined by the 
diameter R of the magnetization circumferential surface 
and the number of magnetized poles P as a relation with 
the axial height h of the material to be magnetized and 
the electric conductor of the attenuation body. Specifi- 
cally, when h is shorter than L, that is, in the range of h 



<ttR/P, the components of longer wavelength than the 
wavelength of the fundamental wave are attenuated. How- 
ever, in the case where h is a value approximate to L, the 
fundamental wavelength is also attenuated. Thus, the 
range of h <ttR/(1.5P) is better in magnetization effi- 
ciency because the fundamental waveform does not atten- 
uate largely. A lower limit of h cannot be derived only 
from the above description. However, it is rare that the 
material to be magnetized with h below ttR/IOP is actually 
used. 

[0026] Furthermore, it is preferable that the diameter of the outer 
circumferential surface of the cylindrical shape is 10 to 30 
mm, and a radial wall thickness of the material to be 
magnetized is 0.5 to 3 mm. The surface resistance Rs of 
the attenuation body in this case desirably satisfies the 
formula 

3.0 x 10" 4 < Rs < 1.0 x 10" 3 [Q/sq.] (4). 

In particular, when mounted on small size rotating equip- 
ment, the attenuation body with the surface resistance in 
this range is preferable. Furthermore, by setting it within 
this range, the harmonic components of the magnetiza- 
tion waveform can be further suppressed. 
[0027] it j S more preferable that the attenuation body is formed 



on the surface of the material as a coating layer. A coating 
method includes plating. By integrally forming the attenu- 
ation body by plating, the present invention can be carried 
out in large numbers and at low cost. Furthermore, the in- 
tegral formation makes the handling easy. In addition, 
plating allows the attenuation body to be uniformly 
formed on the surface of the material, and thus nonuni- 
formity of the magnetization due to the induction current 
can be reduced. 

[0028] it j S more preferable that a corrosion-resistant paint film 
layer is formed on the film layer of the attenuation body. 
As the corrosion-resistant paint film layer, an epoxy resin 
is exemplified. This provides a uniform paint film and im- 
proves the corrosion resistance. As a method for forming 
this paint film, electrodeposition painting, spray painting, 
or electrostatic painting may be used. 

[0029] The permanent magnet obtained by carrying out the 

present invention can be mounted on an electric motor. In 
the motor of the present invention, the magnetization 
waveform is approximate to a sine wave which is ideal, 
and less harmonic components causing vibration and de- 
terioration in driving efficiency. Accordingly, high- 
efficiency electric motors with less vibration can be ob- 



tained. 

Brief Description of Drawings 



[0030] Referring now to the attached drawings which form a part 
of this original disclosure: 

[0031] pig. 1 is a schematic view showing mounting of an attenu- 
ation body on a material to be magnetized according to 
the present invention. 

[0032] pig. 2 is a plan view of a magnetizing yoke of the present 
invention. 

[0033] Fig. 3 shows a magnetization waveform of a permanent 
magnet obtained by the present invention. 

[0034] Fig. 4 shows a magnetization waveform of a conventional 
permanent magnet. 

[0035] Fig. 5 is a schematic view indicating a length L obtained 
by dividing a circumferential length by the number of 
magnetized poles, a magnetization wavelength compo- 
nent w, and an axial length h of the permanent magnet. 

[0036] Fig. 6 is a graph showing a relationship between a surface 
resistance of the attenuation body of the present inven- 
tion and a fundamental wave component. 

[0037] Fig. 7 is a graph showing a relationship between the sur- 
face resistance of the attenuation body of the present in- 
vention and a third-order harmonic component. 



[0038] pig. 8 is a graph showing a relationship between the sur- 
face resistance of the attenuation body of the present in- 
vention and a fifth-order harmonic component. 

[0039] pig. 9 is a view showing another embodiment in which an 
attenuation body is mounted on a material to be magne- 
tized according to the present invention. 

[0040] Fig. 10 is a view showing a motor of the present inven- 
tion. 

Detailed Description 

[0041] Best modes of the present invention are described, using 

the drawings. 
Embodiment 1 

[0042] a first embodiment of the present invention is described 
using Figs. 1 to 5. In the description of the embodiments 
according to the present invention, when some expression 
indicating vertical or horizontal directions or the like is 
used, it indicates the directions illustrated in the drawings 
if there is no particular description, and actual embodi- 
ments are not limited to these. 

[0043] Fig. 1 shows a cylindrical material 3 manufactured ac- 
cording to the embodiment of the present invention, and 
an attenuation body 2 attached in an inner circumferential 



surface of the cylindrical material 3 at the time of magne- 
tization. The attenuation body has a copper foil 1 and a 
polyimide film to be structured analogously to an FPC 
(Flexible Printed Circuit-Board). In Fig. 1, in order to apply 
the magnetization from the inner circumferential side, the 
attenuation body is arranged on the inner circumferential 
side. A similar attenuation body, however, may be ar- 
ranged on the outer circumferential side in the case where 
the magnetization is applied from an outer circumference 
or may be arranged on the inner and outer circumferential 
surfaces in the case where the magnetization is applied 
from both the inner and the outer circumferential sides. 
[0044] The attenuation body 2 is made of a conductive material, 
and in addition to copper, aluminum, tin, chrome, nickel 
or other good conductive materials can be used. Further- 
more, it is more preferable that these materials have fee- 
ble magnetism. 

[0045] | n pig. l, an axial height h of the copper foil 1 of the at- 
tenuation body 2 corresponds to an axial height of the 
material 3. An upper end and a lower end of the copper 
foil 1 are brought into line with an upper end and a lower 
end of the material 3, respectively using a jig or the like. 

[0046] pig. 2 shows a magnetizing yoke which is a part of a mag- 



netizing device. A magnetizing coil 6 is wound in a pro- 
jected part 5 of the magnetizing yoke. The inner circum- 
ferential surface of the material 3 is opposed to the pro- 
jected part 5 of the magnetizing yoke to form a magnetic 
pole centering on a part opposed to the projected part 5. 
Although omitted in Fig. 2, the attenuation body 2 is ar- 
ranged in a radial gap between the material 3 and the 
projected part 5. An annular yoke 7 may be attached on 
the outer side of the material 3, which is not opposed to 
the magnetizing yoke. The attachment of the annular yoke 
7 can reduce leakage flux and improve magnetizing effi- 
ciency. 

[0047] According to the present embodiment, the diameter of the 
outer circumferential surface of the material 3 is 28.2 
[mm], the diameter of the inner circumferential surface R 
is 26.2 [mm], the axial height h is 4.6 [mm], and the radial 
wall thickness is 1.0 [mm]. The material 3 is a Nd-Fe-B 
bond magnet. Its surface is coated with an epoxy resin. 
The number of the magnetized poles is eight, and the ax- 
ial height h of the attenuation body 2 satisfies formula 3. 
The surface resistance Rs of the used copper foil 1 is ex- 

-4 

pressed by 6.0 x 10 [H/sq.] and is in the range of for- 
mula 4. 



[0048] a pulse current is applied to the magnetizing coil 6 of the 
magnetizing yoke 4 by a capacitor type pulse magnetizing 
device. The pulse magnetizing device is equipped with a 
capacitor and a power supply for charging the capacitor. 
The magnetizing coil 6 is connected to the capacitor. 
First, the capacitor is charged using the power supply, and 
when discharging the capacitor, the pulse current is ap- 
plied to the magnetizing coil 6 to magnetize the material 
3. 

[0049] | n the present embodiment, a capacitance of the capacitor 
at the time of magnetization is 800 [uF], a magnetizing 
current is 15 [kA]. In the case where the magnetization is 
performed without using the attenuation body 2, a mag- 
netizing current of 13 [kA] is required to obtain equivalent 
torque. 

[0050] The magnetizing current required to this equivalent 

torque varies depending on the material quality of the at- 
tenuation body 2, and the shape and quality of the mate- 
rial 3. Furthermore, the attenuation body 2 may be formed 
integrally with the material 3. In this case, the material 3 
is advantageously subjected to plating for covering. The 
plating improves the magnetization waveform and en- 
hances the corrosion resistance. 



[0051] pig. 3 shows wavelength components of a magnetization 
waveform of a permanent magnet magnetized with the at- 
tenuation body 2 attached to the material 3. On the other 
hand, Fig. 4 shows the wavelength components of a mag- 
netization waveform of a permanent magnet obtained by 
magnetizing the material in a conventional magnetizing 
method without attenuation body 2. In order to compare 
Figs. 3 and 4, the respective vertical axes and horizontal 
axes are standardized. 

[0052] As a measuring method, a Hall element is opposed to a 
magnetized surface of the permanent magnet and rotates 
the permanent magnet to measure an output signal of the 
Hall element. The output signal is converted based on 
7200 [rpm] which is a rated speed to give a frequency. 
The frequency is indicated on the horizontal axes. The 
signal is decomposed into the respective frequency com- 
ponents to express a magnetic flux density in decibels 
(dB) with 1 [T] as a reference. For example, in the case of 
the eight-pole permanent magnet of the present embodi- 
ment, a fundamental waveform has four wavelengths per 
cycle, which is converted based on 7200 [rpm] to give 480 
[Hz]. 

[0053] By this measuring method, performance relating to a 



magnetization pattern when manufacturing a motor using 
this permanent magnet can be inferred. Comparison of 
Figs. 3 and 4 exhibits no large change in the fundamental 
wave component. This is because the magnetizing current 
is increased in order to compensate for a decrease in 
magnetization field by the attenuation body 2. In other 
words, when motors are structured using these perma- 
nent magnets, torque generated in the motor is made 
equivalent. In contrast, a third-order harmonic component 
and frequency components around it are largely de- 
creased. Furthermore, a fifth-order harmonic component 
is not substantially changed. 
[0054] when applying a theory regarding Fig. 5 to the present in- 
vention, h = 4.6 [mm], and a half wavelength w(=L) of the 
fundamental wave is 10 [mm], so that an induction cur- 
rent is considered to be suppressed. Accordingly, the can- 
celing effect of the magnetization field by the induction 
current does not exert on the fundamental wave compo- 
nent. On the other hand, a half wavelength w of the third- 
order harmonic component is 3.4 [mm], and although it is 
shorter than h by about 25%, it is considered to be a con- 
dition that the induction current relatively easily flows. 
Accordingly, the canceling effect of the magnetization 



field by the induction current is generated in this third- 
order harmonic component. Furthermore, a half wave- 
length w of the fifth-order harmonic component is 2.1 
[mm], and the induction current is considered to be sup- 
pressed. Accordingly, the canceling effect of the magneti- 
zation field by the induction current hardly exerts on the 

fifth-order or higher harmonic component. 
Embodiment 2 

[0055] a second embodiment of the present invention is de- 
scribed using Figs. 6 to 8. Figs. 6 to 8 briefly show a rela- 
tionship between the surface resistance Rs and the wave- 
form component with respect to each of permanent mag- 
nets obtained by magnetizing a plurality of materials to be 
magnetized and applying copper plating to them differ- 
ently in thickness to vary the surface resistance. 

[0056] According to the present embodiment, each of the mate- 
rials is cylindrical, and is a Nd-Fe-B bond magnet, in 
which the diameter of the outer circumferential surface is 
19.0 [mm], the diameter of an inner circumferential sur- 
face is 17.0 [mm], the wall thickness is 0.95 [mm], and 
the axial height h is 3.6 [mm]. On its surface, plating is 
applied as the attenuation body, on which an epoxy resin 
film is formed. The number of magnetized poles is 12, 



and thus this permanent magnet satisfies formula 3 of the 
present invention. 
[0057] The thickness of the plating of the attenuation body is 

changed so that the surface resistance of the attenuation 
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body Rs is changed from 2.7 x 10 [H/sq.] to infinite (no 
attenuation body). The respective samples are magnetized 
so that magnetic flux of the fundamental wave component 
after magnetization is identical. Furthermore, six samples 
with respect to the plating thickness are produced and av- 
erage values, maximum values, and minimum values of 
the magnetic flux are recorded in the graph. 
[0058] pig. 6 shows a relationship between the magnetic flux 
density and a reciprocal number of surface resistance 
(conductance) with respect to the fundamental wave com- 
ponent. Since the magnetic flux densities of the funda- 
mental wave components become identical to each other, 
any of the samples shows an identical magnetic flux den- 
sity in Fig. 6. 

[0059] pig. 7 shows a relationship between the magnetic flux 
density and the reciprocal number of surface resistance 
(conductance) with respect to the third-order harmonic 
component. With an increase in conductance, the mag- 
netic flux density of the third-order harmonic component 



decreases, but shifts to an increase on reaching a certain 
limit. A part of harmonic components of the magnetiza- 
tion field are cancelled and attenuated by the induction 
current generated in the attenuation body. As the induc- 
tion current is increasing, the magnetization field of the 
third-order harmonic component becomes weaker, so 
that the conductance increases. That is, as the induction 
current is increasing, the magnetization field of the third- 
order harmonic component becomes weaker. On the other 
hand, it is considered that when the induction current in- 
creases too much, the effect of suppressing the harmonic 
components is attenuated by the influence of nonuniform 
components, nonuniformity or disturbance of the attenu- 
ation body or the like. 
[0060] pig. 8 shows a relationship between the magnetic flux 
density and the reciprocal number of surface resistance 
(conductance) with respect to the fifth-order harmonic 
component. With relation to change in the value of the 
conductance, change in the magnetic flux density of the 
fifth-order harmonic component is not exhibited. It is 
considered that this is because the half wavelength w of 
the fifth-order harmonic component is shorter than the 
height h of the attenuation body, and thus the induction 



current is not so largely generated, so that the effect of 
suppressing the magnetization field does not exert. 

[0061] As is clear from the description of Fig. 7, in order to sup- 
press the harmonic components, an optimum range of the 
surface resistance needs to be selected. According to the 
embodiment, it is desirable that the conductance is in the 
range of 1.0 x 10 3 to 3.3 x 10 3 [1/Q] in order to cancel 
the harmonic components of the magnetization field. 
These values are converted to the surface resistance Rs to 
give 3.0 x 10" 4 to 1.0 x 10" 3 [Q/sq.]. 

[0062] This optimum value of the surface resistance can vary ac- 
cording to a shape or a size of the material. Therefore, 
when carrying out the present invention, some try and se- 
lect is required for the value of the surface resistance. The 
above-mentioned range, however, can be a rough stan- 
dard with respect to the material which has a similar or 
analogous shape to that of the present embodiment. 

[0063] The embodiment of the present invention is not limited to 
the described contents. Various modifications can be 
made as long as the gist of the present invention is fol- 
lowed. For example, as the material, a Sm-Co based bond 
magnet, a ferrite magnet or the like may be used. Fur- 
thermore, the attenuation body may be provided with a 



slit or may be divided into a plurality in the circumferen- 
tial or axial direction. For example, as shown in Fig. 9, 
when divided into a plurality in the axial direction, the ax- 
ial height h of the attenuation body becomes smaller, so 
that a permanent magnet in which the magnetization 
waveform of higher wavelength component is attenuated 
can be attained. 

[0064] pig. 10 is a schematic cross-sectional view of a spindle 

motor 10 using the permanent magnet of the present in- 
vention as the rotor magnet 3. The rotor magnet 3 is a 
permanent magnet magnetized using the magnetizing 
device described in the first embodiment, on the surface 
of which an epoxy resin is formed by electrodeposition 
painting. This epoxy resin layer may be formed of another 
corrosion-resistant paint film. Furthermore, this epoxy 
resin layer may be formed by spray painting or electro- 
static painting in addition to electrodeposition painting. 

[0065] The rotor magnet 3 generates rotational driving force 
while interacting magnetic force with a stator 11. The 
spindle motor 10 structured using this rotor magnet 3 has 
less vibration and high rotation efficiency. Furthermore, 
this rotor magnet 3 has the corrosion-resistant film ap- 
plied on the copper-plating, so that the corrosion resis- 



tance is high. In addition, since this corrosion resistance is 
secured under a condition of high temperature and high 
humidity, it can be used for severe application such as au- 
tomobile use. 



